POSITIVE ELECTRODE MATERIAL, ITS MANUFACTURING 
METHOD AND LITHIUM SECONDARY BATTERY 



FIELD OF THE INVENTION 
The present invention relates to a new positive electrode, its 
manufacturing method and a lithium secondary battery using the 
positive electrode. 

BACKGROUND OF THE INVENTION 
The development of a high-output and high-energy density 
battery for each power source of an electric vehicle and a hybrid 
powered vehicle as an automobile in which care is given to 
environment is demanded. As the voltage is high and the energy 
density is high as to a lithium secondary battery using non-aqueous 
electrolytic solution as a battery used for these, the development is 
energetically advanced in each field. Besides, as for a battery for an 
automobile, a long life characteristic, stable voltage controllability, 
resistance to environment, large-sizing and the reduction of the cost 
are demanded in addition to characteristics of a conventional type 
private battery. 

As for a battery for an automobile, the secure operation in a 
wide temperature range from low temperature to high temperature is 
demanded. Particularly, as the electric conductivity of a lithium ion 
in electrolytic solution is deteriorated at low temperature and the 
characteristics of the battery are greatly deteriorated, it is proposed 
that the discharge rate of the battery is improved. 

The form of a particle of lithium transition metal composite 
oxide which is the material of a positive electrode is closely related 
to the discharge rate. Particularly, as the specific surface of positive 
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electrode material is related to the area of a solid-liquid interface on 
which the positive electrode material and electrolytic solution act, it 
has an effect upon the discharge rate. Therefore, in JP-A 
2451 06/1 995, a lithium secondary battery made excellent in a high 
discharge rate characteristic by using positive electrode material the 
specific surface of which is high is proposed. 

In the meantime, in JP-A 37576/1 995, positive electrode 
material provided with large capacity and made excellent in 
charging/discharging efficiency by a secondary particle having 
particle structure that the lay er- structure surface of a 
monocry stalline particle of positive electrode material having a 
crystal of layer structure is exposed outside is proposed. 

Besides, in JP-A 85006/2001, the lithium secondary battery 
capacity of which is large and which is made satisfactory in a cycle 
characteristic by defining the voidage in a secondary particle of 
positive electrode material so as to optimize particle structure in 
lithium-nickel composite oxide is proposed. 

Secure operation in a wide temperature range from low 
temperature to high temperature is demanded for a battery for an 
automobile. When a lithium secondary battery is operated at low 
temperature, the ionic conductivity of electrolytic solution is 
extremely deteriorated at low temperature. For example, in a 
conventional type battery, the ionic conductivity at -30°C of 
electrolytic solution including LiPF6 which is electrolytic solution in 
a mixed solvent of ethyl carbonate (EC) and dimethyl carbonate 
(DMC) is approximately 1/4 of that at room temperature. Therefore, 
even a lithium secondary battery that acquires a sufficient 
characteristic at room temperature can acquire only a low battery 
characteristic at low temperature. Besides, as long life is demanded 



for a battery for an automobile, the maintenance of a cycle 
characteristic is also essential at the same time as a low-temperature 
characteristic. 

In JP-A 245106/1995, the effect to some extent is recognized at 
room temperature, however, in the environment of low temperature, a 
discharge rate characteristic demanded for an electric vehicle or a 
hybrid electric vehicle is insufficient. Besides, in JP-A 37576/1 995, 
a discharge rate characteristic at low temperature is also insufficient 
in the above-mentioned particle structure. In the meantime, as for the 
positive electrode material disclosed in JP-A 85006/2001, as the 
quantity of Ni included in transition metal is 50% or more, the 
expansion/the contraction caused by charge/discharge of a crystal 
lattice is large. The cycle characteristic is enhanced by increasing the 
voidage in the secondary particle up to 10% or more from a value 
below 10% so as to reduce the effect of the change in volume of the 
lattice in the composition. Besides, the density of positive electrode 
material is enhanced by setting the voidage to 30% or less and service 
capacity is increased. However, the discharge rate at low temperature 
is insufficient. 

SUMMARY OF THE INVENTION 
The object of the invention is to provide positive electrode 
material, its manufacturing method and a lithium secondary battery 
using the positive electrode material in which the discharge rate 
characteristic and the battery capacity in the environment of the low 
temperature of -30°C are hardly deteriorated and which are excellent 
in a cycle characteristic. 

These inventors paid attention to the particle structure of a 
secondary particle in which plural primary particles were combined 



and flocculated. They found that as the ionic conductivity of 
electrolytic solution was deteriorated at low temperature, a 
conductive network between primary particles locally decreased in 
case primary particles of positive electrode material formed by 
secondary particles in each of which primary particles were 
flocculated were apart and electrolytic solution was filled between 
the primary particles, resistance increased and the voltage drop of a 
battery occurred. They propose the following structure in which the 
conductive network can be also maintained in the environment of low 
temperature by increasing the touch area of primary particles in 
consideration of a fact that the touch area of primary particles is 
important because in the environment of low temperature, not Li ionic 
conduction via electrolytic solution but Li ionic diffusion between 
primary particles is a dominant factor and therefore, the ionic 
conductivity of electrolytic solution is deteriorated at low 
temperature. 

These inventors clarifies that when 10% or more of the whole 
circumference of a primary particle on the observed substantially 
central section of a secondary particle is combined with another 
primary particle, a battery characteristic at -30°C is hardly 
deteriorated. 

In the meantime, as a void existing in a secondary particle holds 
electrolytic solution, the void is necessary to maintain a discharge 
rate rechargeable capacity at room temperature at which the ionic 
conductivity of the electrolytic solution is high. Therefore, as a void 
exists in a secondary particle, contact between primary particles is 
limited as follows. These inventors clarified that when a primary 
particle was in contact with another primary particle and the sum of 
the length of the shared side was 70% or less, compared with the 



periphery of the section of each touched primary particle, the amount 
required to maintain rechargeable capacity of a void existing in a 
secondary particle was acquired. The desirable range is 50 to 70%. In 
this case, it is clear that when the Ni content of transition metal which 
is the composition of positive electrode material according to the 
invention is below 50%, a crystal lattice in charge/discharge hardly 
varies in volume, primary particles are also hardly distorted in case 
contact between them is satisfactory and a cycle characteristic is 
excell ent . 

Besides, in case a void exists in a state in which the void covers 
the circumference of a primary particle and the primary particle and 
the adjacent primary particle are apart, a conductive network in the 
environment of low temperature is inhibited. Therefore, a minimum 
void exists in a secondary particle in a state in which the void does 
not cover a primary particle and voidage acquired by dividing the 
sectional area of the void formed between primary particles on the cut 
section of the secondary particle by the sectional area of the whole 
secondary particle is 2.5 to 35% and desirably, is 2.5 to 10%. In this 
case, if the voidage is 2.5% or less, the maintainability of electrolytic 
solution is deteriorated, the room-temperature characteristic is 
deteriorated, and therefore, the voidage for maintaining the 
rechargeable capacity at room temperature is 2.5% or more. In the 
meantime, if the voidage is 35% or more, a conductive network is 
inhibited and the low-temperature characteristic is deteriorated. 

To achieve the above-mentioned touch area and the voidage of 
primary particles, a range of the diameters of a primary particle 
forming a secondary particle is also important. That is, in case a 
primary particle diameter is smaller than 0.2 jxm, primary particles 
which can be filled in spatial volume are limited, the voidage 



increases and a range of the voidage of the secondary particle cannot 
be achieved. In the meantime, in case a primary particle diameter is 
larger than 10 f-im, the diameter of the secondary particle formed by 
some primary particles exceeds 40 \xm and it is difficult to form the 
electrode of a lithium secondary battery for an electric vehicle or a 
hybrid electric vehicle. 

As an Li ion is desorbed or absorbed from/into a Li layer in 
positive electrode material having a crystal of layer structure, it is 
advantageous in the diffusion of an Li ion that the orientations of c 
axes of crystals are uniform. Therefore, in a secondary particle in 
which primary particles are flocculated, it is desirable that a network 
of primary particles in which the primary particles are in contact and 
the c axes of crystals are uniform exists. In this case, it is considered 
when the conductivity of an Li ion in positive electrode material 
having a crystal of two-dimensional layer structure is considered that 
the more the number of primary particles the orientations of c axes of 
which are uniform out of primary particles forming a secondary 
particle is, the higher probability that the Li ion conductivity of the 
whole secondary particle is enhanced is. 

Then, the following method of unifying the orientations of c 
axes of planar crystals by changing the aspect ratio of a crystal 
particle of positive electrode material having a crystal of layer 
structure was examined. That is, lithium carbonate was made to 
function as flux by adding lithium carbonate more than stoichiometric 
composition in a process for burning positive electrode material 
having a crystal of layer structure, the orientation of the a-b plane of 
the crystal was preferentially grown, as to 60% or more of primary 
particles in a secondary particle as a plate crystal of the positive 
electrode material having the crystal of layer structure, the 



orientations of c axes of crystals could be unified within ±10 degrees 
(20 degrees) and desirably, could be unified within ±5 degrees (10 
degrees). 

Or the result of producing batteries for testing by positive 
electrode material having a crystal of later structure which were 
varied in the amount of added lithium carbonate and burned 
temperature and testing a discharge rate characteristic at low 
temperature, a situation of contact between primary particles 
acquired by observing the section of a secondary particle of the 
positive electrode material having the crystal of the acquired layer 
structure and relation among the orientations of c axes of the primary 
particles were examined. As a result, it was found that when plural 
conditions that the outside periphery of the section of the primary 
particles forming the secondary particle of the positive electrode 
material having the crystal of the acquired layer structure shared 
sides with another primary particle and was in contact with it, the sum 
in length of shared sides was in a range of 10 to 70%, voidage divided 
by the sectional area of the whole secondary particle was 2.5 to 35% 
and as to 60% or more of the number of the primary particles, the 
orientations of c axes were within ±10 degrees were met, a high 
discharge rate characteristic at low temperature was acquired. 

The invention is characterized by a method of manufacturing 
positive electrode material by grinding material powder including Li, 
Ni, Mn and Co after the material powder is sintered at 950 to 1100°C, 
desirably at 1000 to 1050°C. 

It is desirable that the material powder includes lithium 
carbonate, nickel oxide, manganese dioxide and cobalt oxide or that 
the material powder is sintered after it is granulated and dried by a 
spray dryer. 
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As described above, these inventors found that layered positive 
electrode material excellent in a discharge rate at low temperature 
could be produced by optimizing the structure of the layered positive 
electrode material and its manufacturing method and controlling 
powder characteristics such as the diameter of primary particles 
forming the layered positive electrode material, the particle size 
distribution of a secondary particle which was a flocculated body of 
primary particles and the voidage of the secondary particle as a result 
of examining the fine particle structures and the low-temperature 
discharge rates of various layered positive electrode material. It is 
each size of a primary particle and a secondary particle, the voidage 
of the secondary particle, contact between primary particles and their 
distribution in the structure of the secondary particle in which 
primary particles are flocculated that are particularly important in 
positive electrode material having a crystal of layer structure, and it 
is to control the structure of the secondary particle by the particle size 
of the original substance, burned temperature and reaction time when 
Li is doped that are particularly important. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows positive electrode material having a crystal of 

layer structure according to the invention and observed by a scanning 

electron microscope; 

Fig. 2 is a schematic drawing showing positive electrode 

material having the crystal of layer structure according to the 

invention; 

Fig. 3 is a chart showing relation between voidage and 
rechargeable capacity at room temperature and at low temperature; 
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Fig. 4 shows positive electrode material having a crystal of 
layer structure according to a first comparative example and observed 
by a scanning electron microscope; 

Fig. 5 is a schematic drawing showing the positive electrode 
material having the crystal of layer structure according to the first 
comparative example; 

Fig. 6 shows the distribution of orientations of c axes of 
crystals of primary particles in a secondary particle; and 

Fig. 7 shows relation between a relative lattice volume rate of 
change and X in LiNxMn YC02O2 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention is not limited to the following examples. 
Example 1 

In this example, for material, manganese dioxide, cobalt oxide, 
nickel oxide and lithium carbonate are used, they are balanced in an 
atomic percentage so that the ratio of Ni, Mn and Co is 1:1:1 and the 
ratio of Li to (NiMnCo) is 1.02:1, demineralized water is added to 
them, and they are ground and mixed by a ball mill using a pot made 
of resin and a zirconia ball for 20 hours in a wet process. After 
polyvinyl alcohol (PVA) solution is added to mixed liquid by one mass 
percent in terms of solid content ratio, the mixed liquid is mixed 
further for one hour, is granulated and dried by a spray dryer and 
particles 5 to 100 jam in size are produced. Next, a crystal having 
layer structure is produced by burning these particles at 1 000°C for 
3 to 10 hours, afterward, is ground and positive electrode material is 
acquired . 

Fig. 1 shows a photograph (7,000 times) showing the section 
SEM of positive electrode material powder according to the 



invention. Fig. 2 is a schematic drawing showing the section of a 
secondary particle of positive electrode material having a crystal of 
layer structure according to the invention. As for the positive 
electrode material, primary particles 1 are flocculated and a 
secondary particle 2 is formed. Fig. 2 is schematically shown so that 
this schematic drawing is easy to understand and an actual particle 
form is not specified. Besides, the sectional area of the secondary 
particle is defined by area encircled by the outside periphery of the 
primary particles forming the secondary particle as shown in Fig. 1. 

A method of measuring secondary particle sectional structure at 
this time is as follows. A sample acquired by cutting the substantial 
center of the secondary particle by a focused ion beam or by burying 
the secondary particle in resin, cutting and polishing the vicinity of 
the center is observed at the magnification of 3,000 times using an 
electron microscope, and the diameter of the primary particle, the 
diameter of the secondary particle and the length of the contact of the 
primary particles are measured by image processing. At this time, 
each diameter of the primary particle and the secondary particle is 
defined as the fretted diameter of each longest part. Besides, the 
sectional area of the secondary particle and the sectional area of a 
void 5 are acquired by the image processing of an image acquired by 
the electron microscope. In this case, the sectional area of the 
secondary particle is area when the outside periphery of primary 
particles forming the unfixed shape of secondary particle is linked. 

The primary particle diameter 3 is defined as a fretted diameter, 
the mean particle diameter of the primary particle diameter 3 is 0.2 to 
10 \im and the secondary particle diameter 4 is 5 to 30 jam. Besides, 
the ratio of a value acquired by dividing the sum in length of the 
shared and mutually linked sides of individual primary particles on 
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the section of the primary particles forming the secondary particle by 
the outside periphery of the section of the primary particles to the sum 
in length of the shared sides with the outside periphery of the primary 
particles is calculated. Further, the ratio is calculated for all primary 
particles in the secondary particle, the mean value is calculated and 
as a result, the ratio of the shared sides of the primary particles and 
the outside periphery is 50 to 70%. The minimum voids 5 exist in the 
secondary particle and the voidage acquired by dividing the area of 
the voids by the section of the secondary particle is 2.5 to 35%. 

In producing a positive electrode for evaluating the 
characteristics of positive electrode material having a crystal of layer 
structure, after positive electrode material having the crystal of layer 
structure, carbonaceous conductive material and a binder are mixed at 
the ratio of 85:10.7:4.3 in terms of mass percentage and uniformly 
mixed slurry is applied 15 thick aluminum foil used as current 

collector, it is dried at 1 10°C, is pressurized by 1.5 ton/cm by a press 
and a dry paint film approximately 40 |im thick is formed. A battery 
for testing is produced using the positive electrode and a lithium 
electrode as a counter electrode. At this time, for electrolytic 
solution, a mixed solvent of ethyl carbonate and dimethyl carbonate 
using LiPF6 of 1.0M as an electrolyte is used. 

Table 1 shows a discharge characteristic showing relation 
between the voltage and the rechargeable capacity at -30°C in this 
battery for testing. After the battery is charged up to 4.2 V on a 
charging condition of 0.5C, it is discharged up to 3.0 V on a 
temperature condition of -30°C and on a discharging condition of 1C. 
As shown in Table 1, the voltage and the rechargeable capacity at 
-30°C in example 1 both have high values, compared with those in a 
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comparative example 1 described later. Further, the service capacity 
at the voltage of 3.5 V in example 1 is also 5 mAh/g and excellent. 



Table 1 





Rechargeable capacity at 
low temperature at 3.5 V 
(mAh/g) 


Rechargeable capacity at 
low temperature at 3.0 V 
(mAh/g) 


Example 1 


4.5 


1 3 


Example 2 


6 


9.8 


Comparative 
Example 1 


2 


4 



Besides, positive electrode material having a crystal of layer 
structure the contact of the primary particles and the voidage in the 
secondary particle of which are varied by changing a burning 
condition of positive electrode material having the crystal of layer 
structure is produced. In this case, when burning time is extended, the 
touch area of the primary particles increases because crystal growth 
proceeds. A prototype battery is produced based upon this material 
and a discharge rate test at the room temperature of 25°C and at the 
low temperature of -30°C is made. 

Fig. 3 is a chart showing relation between voidage and 
rechargeable capacity. When the voidage is 2.5% or less, the 
room-temperature rechargeable capacity is 100 mAh/g and low, in the 
meantime, when the voidage exceeds 35%, the rechargeable capacity 
at the low temperature of -30°C is rapidly deteriorated. However, 
when the voidage is in a range of 2.5 to 35% according to the 
invention, high rechargeable capacity that the rechargeable capacity 
is approximately 150 mAh/g at 25°C and is 10 mAh/g or. more at -30°C 
is acquired. 
Comparative example 1 
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In this comparative example, the positive electrode material 
having the crystal of layer structure described in example 1 is burnt 
at 900°C. Fig. 4 shows a photograph (7,000 times) showing the 
section SEM of the positive electrode material having the crystal of 
layer structure. Fig. 5 is a schematic sectional view showing its 
secondary particle. As burning temperature is low, the growth of the 
crystal is insufficient and there are few locations in which primary 
particles 1 are in contact. Besides, as crystal growth is insufficient, 
the diameter 3 of each primary particle forming the secondary particle 
2 is also short and touch area between the primary particles is small. 
As in example 1, as a result of calculating the ratio of the shared side 
of the primary particles and the outside periphery for all the primary 
particles in the secondary particle and calculating a mean value, the 
ratio is 10% or less. Besides, as touch area between the primary 
particles is small, a void 6 is widely formed. As in example 1, as a 
result of measuring voidage, the voidage is 41% or more. 

Next, a testing battery is produced using the positive electrode 
material having the crystal of layer structure by the electrode 
production process and the testing battery production process 
respectively described in example 1. As for the characteristics at 
-30°C of this testing battery, a discharge rate at low temperature is 
low as shown in Table 1. As touch area between the primary particles 
is small, a low-temperature rate characteristic at -30°C is 
deteriorated . 
Comparative example 2 

As in example 1, mixture is made so that in atomic percentage, 
the ratio ofNi to Co is 0.85:0.15 and the ratio ofLi to NiCo is 1.02:1 
and positive electrode material is produced by the similar method to 
that in example 1 . 
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Example 2 

Materials are mixed by the method of producing the positive 
electrode material having the crystal of layer structure described in 
example 1 so that the ratio of Li to NiMnCo is 1.1:1 and positive 
electrode material having a crystal of layer structure is produced. A 
sample for measurement is produced by cutting the substantial center 
of a secondary particle of the material by a focused ion beam or 
polishing after the secondary particle is buried in resin. 

A method of measuring the orientation of a primary particle in 
the sectional structure of the secondary particle at this time is as 
follows. The sample for measurement is produced by cutting the 
substantial center of the secondary particle by a focused ion beam or 
polishing after the secondary particle is buried in resin. Next, the 
crystal orientation of the sample is acquired by electron backscatter 
diffraction (EBSD). This method is a method of analyzing a crystal 
orientation by analyzing Kikuchi line from back scattering when an 
electron beam of an electron microscope irradiates each primary 
particle. 

Fig. 6 is a chart showing relation between an angle representing 
the orientation of a c axis of a primary particle in a secondary particle 
and a cumulative frequency. Angles on the x-axis are plus and minus 
values based upon the c axis. In this embodiment, burning is also 
tested on various burning conditions. Fig. 6 shows that 60% of 
primary particles are within ±10 degrees (20 degrees) based upon the 
orientation of a c axis. Approximately 5% of primary particles are 
within ±15 degrees or more based upon the c axis. Therefore, 95% or 
more of primary particles in the secondary particle are within ±15 
degrees based upon the c axis, further, approximately 35% of primary 
particles are within ±15 degrees exceeding ±10 degrees, 
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approximately 55% of primary particles are within ±10 degrees 
exceeding ±5 degrees and approximately 5% of primary particles are 
within ±5 degrees. 

Next, a battery for testing is produced by the electrode 
production method and the testing battery production method 
respectively disclosed in example 1 using the positive electrode 
material having a crystal of the layer structure. As for a battery 
characteristic at -30°C of this battery for testing, the voltage is 3.5 
V as shown in Table 1, the rechargeable capacity is 6 mAh/g and the 
battery has an excellent discharge rate at lower temperature than that 
in example 1. As touch area between primary particles is great and the 
orientations of c axes of primary particles are unified, a 
low-temperature rate characteristic at -30°C is excellent. 
<Measuring the change of lattice volume in charge/discharge> 

Fig. 7 shows relation between a relative lattice volume change 
rate acquired by producing electrodes by the positive electrode 
materials described in example 1 and the second comparative example 
and measuring lattice constants of the positive electrode materials 
when they are charged up to 4.2 V and 3.4 V using the electrodes based 
upon diffraction by X rays and X in LiNxMn Y Coz02. In this case, the 
relative lattice volume change rate is a value acquired by dividing 
lattice volume in charge up to 4.2 V by lattice volume in charge up to 
3.4 V. When the percentage content of Ni is 50% or less, the relative 
lattice volume change rate decreases. 
<Charge/Discharge cyclic testing> 

A 1 8650-type battery is produced using the positive electrode 
materials in example 1 and the second comparative example for 
charge/discharge cyclic testing. The production of the battery is as 
follows. First, the positive electrode material in example 1, graphite 
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conductive material, carbon black conductive material and 
poly vinylidene fluoride (PVDF) are mixed in the weight percentage of 
80:12:3:5, N-methyl-2-pirolidone of a suitable amount is added and 
slurry is produced. The slurry is agitated for three hours by a 
planetary mill to mix sufficiently. Next, the slurry is coated on 
aluminum foil 15 jim thick using a roller printing-type coater. This 
is pressed by a roller press so that the electrode composite density is 
2.5g/cm 3 . Further, an electrode is similarly produced on the reverse 
side to the coated surface. Poly vinyliden fluoride(P VDF) is added to 
amorphous carbon used as negative electrode by the weight 
percentage of 6.5 wt%. Then the amorphous carbon is agitated for 
thirty minutes in a slurry mixer for sufficient mixing. The slurry is 
coated on both sides of electrolytic copper foil 15 |im thick by the 
coater, after it is dried, it is pressed by the roller press and the 
negative electrode is acquired. 

The positive electrode and the negative electrode are cut in 
predetermined size and a current collecting tab is installed in an 
uncoated part of each electrode by ultrasonic welding. After a 
polyethylene film is cylindrically wound between the positive 
electrode and the negative electrode, they are inserted into a 
1 8650-type battery can. After the collecting tab and a battery can lid 
are connected, the battery can lid and the battery can are welded by 
laser welding and the battery is sealed. 

Next, the electrolyte is injected from an inlet provided to the 
battery can and the 1 8650-type battery is acquired. Charge/Discharge 
cyclic testing is applied to the 1 8650-type battery and a cycle 
characteristic is investigated. A condition of the charge/discharge 
cyclic testing is that charging is performed at the constant curren-t of 
1 mA/cm 2 and constant voltage up to charge final voltage 4.2 V, 
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discharging is performed at the constant current of 1 mA/cm up to 
discharge final voltage 3.0 V after a pause for thirty minutes and this 
process is repeated by 500 cycles. At this time, testing environment 
temperature is set to 60°C. 

Table 2 shows the capacity maintenance rate (percentage 
acquired by dividing rechargeable capacity in a first cycle by 
rechargeable capacity in a 500th cycle) of each battery for testing 
when the positive electrode materials described in example 1 and the 
second comparative example are used. As lattice volume hardly 
changes in the composition in example 1, a secondary particle is 
hardly decayed in a charge/discharge cycle, and a satisfactory cycle 
characteristic that the rechargeable capacity in the 500th cycle is 
equivalent to 85% of the rechargeable capacity in the first cycle can 
be acquired. In the meantime, as lattice volume greatly changes in the 
composition of the positive electrode material described in the second 
comparative example, the rechargeable capacity in the 500th cycle is 
equivalent to 40% of the rechargeable capacity in the first cycle and 
a cycle characteristic is deteriorated. 



Table 2 





Percentage 
content (%) of 
Ni in transition 
metal 


Voidage (%) of 
positive 
electrode 
material 


Capacity 
maintenance 
rate (%) of 

lithium 
secondary 
battery 


Example 1 


33 


3.6 


85 


Comparative 
example 2 


85 


3.6 


40 



As described above, according to this example, the positive 
electrode material excellent in a discharge rate characteristic and 
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battery capacity at low temperature of a lithium secondary battery 
using the positive electrode material having the crystal of layer 
structure improved in particle structure, its manufacturing method 
and the high-output and high-energy density non-aqueous lithium 
secondary battery using the positive electrode material can be 
provided. 

According to the invention, the positive electrode material 
excellent in the discharge rate characteristic and the battery capacity 
at low temperature of the lithium secondary battery using the positive 
electrode material having the crystal of layer structure improved in 
particle structure, its manufacturing method and the high-output and 
high-energy density non-aqueous lithium secondary battery using the 
positive electrode material can be provided. 
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